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ABSTRACT 

Kindergarten through third grade children's responses 
to concrete and verbal class-inclusion problems were coippared" under 
several presentation formats. Children initially had more difficulty 
with th-e verbal task which was highly specific in format than with 
the concrete tasks. These differences^ however, were easily 
elisinated by an extensive probing procedure and children were able 
to make tKe saKe level of responses under both media of presentation. 
Verbal prctlems which were ncn- specific in foricat were significantly 
more difficult than highly specific verbal or concrete problems. The 
findings support the ccrDpetence-perf or oiance distinction for 
class-inclu^-ion reasoning under different presentation formats. 
(authcr/MS) 
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Kindergarten ttirough tliird grade cliildren's responses to concrete and 
verbal class-inclusion problems were compared under several j^resen tation 
fonnats. Children initially had more d-^fTiculty with the verbal task 
which was highly "specif ic in format than witli the concrete tasks. These . 
dif Terences, however, were easily e i imi nated by an extensive probing 
proceuure and children were able to make. the same level' of responses 
under both media of presentation. Verbal-problems which were non-specific 
in format, were significantly more difficult than highly specific verbal 
or concrete problems. The findings .support the competence-performance • 
distinction for class-inclusion reasoning under different presentation 
formats. 
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I^esjjoiif.os to Vi.'iiia lly and coiicr;.' Lf ly preson led c1 as i nc I hl; ion problems, 
have; boon cuiiipar.-d in a niiiubor of sLikIk;', , buL no con:., is (.(!n I: rosul l.s liavo 
boeti obtained. The standa'al,, concrol.e cl dss- i ncl us ion problem developed 
■by Piaget (1950) as a tost of logical classification, involves presenting 
.the child with tv/o sets of objects, unfKiual in nuViber, wlrich iDolong to one 
superot;dinate class (e.g., 7 blue and 3 yellow wooden beads). The child 
is asked to compare the extensions of the superordinate and the larger 
subclass ("Are there more wooden beads or more blue beads?"). Pripr to 
logical classification, the child compares the two subclasses rather than 
the subclass and the wliole. Piaget has proposed that the development of 
logical responses to verbally presented problems may. lag as much as two 
years behind logical responses to concretely presented ones. Al thcugli 
some research evidence supports this judgment (Jennings, 1970; Schwartz, 
1970), other evidence suggests that' the two iriedia of presentation are of 
equal difficulty (Brainerd Kaszor, 1974) or that for young children the 
verbal medium is easier than the concrete one (Wohlwill, 1968). 

Procedural differences and a variety of problem formats both within 
and across studies may be sources of the conflicting results. One critical 
difference is that Jennings (1970), Piaget (1950), and Schwartz (1970) used 
the children's justifications in scoring the results whereas Wohlwill (1958) 
and Brainerd & Kaszor (1974) did not. Jennings (1970) noted that in re- 
sponse to the verbal problems, a number of subjects made inadequate justi- 
ficaf^ '"'ig additional ! , in the sup^-r' 'mute. For 

example, for the problem, ."Suppose I have 7 dogs and 3 horses, do I have 
more animals or more dogs?" some children justified a "More animals" re- 
sponse by seating, "Cuz there's cows, pigs, sheep. . ." Since this exten- 
sion of the superordinate class would be unlikely under concrete presentation, 
..failure to take into consideration the child's justification might inflate 



scor^os on "tiif? vorbfil prob'lcMiis coi.^pcircM'l Lo Uio coiuvfi* t-j on:.':.. 

AiioUior critical cl i fTertMict? lit^s in Lho pf^cscr. LaL ion ronnciL oT . 
concrete and verbal problems. PiacjoL's verbally present.e'J probl em was. 
of the type, "In all the woods are there iiiore flowers or more primulas?" 
This format ditfL-y^KJ h\)\]\ his lUcindard, concrt.!t':: one in t'fiat (a) cui 
ifidefinite number of subclasses was involved, (b) the coinpl emen tary sub-v 
cl asses were not idontif i ed . by name and (c) tlierr/ was tio indij:atiori of the 
numerosity of the subclasses. The general lack of specificity makes this 
format potentially more difficult than tlie concrete one. In the other 
■ studies cited above, tfie format for the verbal problems was more specific. 

with t\*/o subclasses named and enumerated,,' However, the fot^mats for the 

■/ 

concrete problems in some studies (Schv/artz, 1970; Wohlwill, 1968) differed 

from the verbal ones in that the subcVas^es were not enuinerated and the 

y 

label for the coraglementary subclass' was not given, within the context of 
the class-inclusion problem (prior/labeling may have occurred). For ex- 
ample, a picture containing six r^ses and two violets would be presented 
and the cl assr- incl us ion ques tiot^/ asked, "Are there more flowers or more 
roses in this picture?'' (Wohlw/ll, 1968). "The dominant incorrect response, 
to the problem is to ident ify/th'e complementary subclass with the superor- 
dinate class. Failure to provide the complementary subclass label might 
facilitate this process. Sp\m siipport for this hypothec ' is given in a 
study by Winer (1973, cit/ed by Brainerd S Kas7.or, 1974). Performance on 

y 

concrete class-^inclusion /jorobleiiis was better when the subclasses were 
enumerated (and by impl ideation labeled) than when they V7ere not both labeled 



and ..enumerated . Since ^the cardinality of the two subclasses is given in- 
directly (i.e., visual/fy) in the presentation of the concrete problem, it 
is hypothesized tliat :^he critical difference lies in the labeling of the 
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coiripl ononttu;'/ s ubc I a'*,s . 

The possibility l.ha L tl)n rela !:i v(.' difriculty of the concreto ann verbal 
problems can be alCered by charicjes in tlic? preseritatioM foriikit, suacjosLs the 
need I'.o draw a distinction hetv/een coiiipotGnce and per forniancG. Piacjet's 
theoi-y (.1950, Inf)clder f( Piacjet, 1964) impl ies that the same opovitional 
structures (competence) would be required for solution of the verbal and 
concrete class-inclusion problems, i,e., the logical, reversible addition 
of classes. Yet, Piacjet (1950) states that the''pe7rfomrm:e on the verbal 
task lags behind performance on the concrete one. According to the competenc 
performance model of Flavell S Wohlwill (1969), performance differences of 
a given child on tasks requiring ' the ..same cognitive competence may be 
accounted for by different infonnation processing demands ^f the tasks and 
the slcijls of the child relative to those demands. The information 
processing demands^ of a particular type of cognitive task (e.g., the class-^ 
inclusion problem) might vary as a function of a number of factors: 
. . .the stimulus materials and their familiarity, the manner of 
presentation of the relevant information to bfe abstracted, the 
sheer magnitude of the information load placed on the child .in 
dealing with the problem, the role .played by memory ai i sequential 
processincj of ^^Tormation, and so on (p. *^'''^ - . 

Differences across and within tf]^e studies cited above in the labeling 
and/or' enumeration of both subclasses in the concrete t^sks and in the 
specificity of ]:he subclasses in terms of number,, type and numerosity in 
the verbal tasks might have created or altered differences in thd informa- - 
tion processing demands of the tasks. This could have disgui'sed actual . 
differences or suggested differences- not tKere. These hypotheses were 
tested by the selection of particular verbal and 'concrete presentation for- 

■ ■ 5 • ■ . . ■ ■ •' ■■".;„ ' 



ma ts for invos t iga L ion . Evon inidr.T idoiiiical pre^^.ont.ation foriiiat.s> the 
conct^eLe and vcMi)al cla.ss-ir^clus ion |)robloiiis niicjhf: require difforont: compet- 
ence and/or iiiroritia t ion pt^ocessing skills relating to media of preson La Lion . 
To test tlie hypothesis LIuiL the Lasks require the sai]ie conipetence (operational 
class ification) > ^"lu cxLensive probing procedure (deso^ibed below) vvas used 
to miniinize any potential differences in i irrorniation processing demands as 
a function of media of i)resen tation . Any differences v/hich remained between 
verbal and concreLc tasks of identical forma';, woul d , theoretically, more 
l ikely be attr ibutable to different conipetence rather than inforina Lion proces- 
sing demands. No direct test was made of the,.hypo thes is that assessment of 
performance on tlie verbal tasks would vary according to v/hether the child's., 
explanation was used in scoring the results. Rather, it was decided to use 
the explanations in scoring the results under all conditions.. 
Subjects . " - 

A total o1* seventy children, in kindergarten through third grade, of 
an elementary school in a small m.idwestern city, served as subjects in the 
study. Approximately seventy percent of, the children were from middle- 
class SES backgrounds, the rest from lower-class SES backgroiii.d An;- 

A 

a 

imat ' ntv-fiVv^ '—'^■■-^^'v,t o: .nlufen were non-white, predominately 

black. The SES and ethnic composition was consistent across grade levels. 
The number of subjects and mean age at each grade level were as follows:'- 
kindergarten, N = 17, age = 6:1; grade I, *N =.16, age = 7:2; grade II, 
N = 19, age = 8:4; grade III, n =18, ane =^ 9:3. 
Tasks and materials 

Four types of cl.ass-i ncl usion tasks involving species of farm animals 
' (horses, ^cows, pigs, and sheep) were designed for use in the study. The 
species combinatiDns used in the descriptions below are presented as 



exnniplos of oacfi tcisk. 

1. Concru Lo-oniiiViora L ion (CE): The ex|.u)r inionter" presentc^d the 
child with a ^!8" x 11" card con Lai tii tig one rov/ of 7 animals 
of one type and anothet^ row of 3 animals of another typo 
and stated: "Hero are 7 (or 3) sheep and 3 (or 7) pigs. 
Are there more animals or more slioep (or, more sheep or more 
animals) in this picture?" 

2. Concrete-fio enumeration (Cil): This task was identical to 
CE above witli the exception tf)at the exper imen ter. s ta ted : 
"Here are some horses and some cows" before asking- tlie class 
inclusion question. 

3. Verbal -enumeration (VE): The experimenter stated: "On a 
certain farm there are 7 (or 3) cows and 3 (or 7) pig\. Are 
there morq anirals or more cows (or, more cows or more' 
animals) on that farm?" 

4. Verbal-no enumeration (VN): The experimenter asked : "In all 
the world are there more animals or more pigs (or, more pigs 

^ pr.more animals)?" - 

Procedu re 

Twelve problems were designed for various animal combinations. A 
systematized, randomization procedure -was used to assign three problems 
to'each task for each subject, balancing species combinations and format 
features (the relative order of the larger and smaller subclasses and 
whether the world "animals" or- the subclass o-: ' " 

question) across the V: ' is . . jec. .... indivi- 

^ a by a female graduate student on all twelve problems in one 

of two orders: (a) VE, CN, VM , CE^; (b) CN, VE, GE, VN. All three prob- 
lems for each" task were admin-^'stered consecutively. Ha"!f of the child- 
ren at each grade level were randomly assigned to each order. Since there 
were insufficient nynibers of children at each grade level to ..test for all 
possible order effects, the two orders above v;ere designed to provide, 
theoretically, the least facilitation or interference ; from one type of 
task to another. By using two orders, task and order would not be confounded 
and a general tost of order effects would be possible. 
■■ .' The individual sessions, which lasted approximately twenty minutes, 



were tape-recorclL?d and hvuiscr ilnK! Tor analys i s , Dui'iiifj tlio prt>'i inii ruD'y 
phase of tin'? procpckiro (lie child was shown a pict^^iro containing a Fiorso, 
a cow, a pig, a'iid a slio(?p. TIk? oxperiiiic-n U?r pointed to each animal and . 
asked the child to ideriLify it. All the 'chi 1 dven could do this easily. 
The experimenter then arJu-d the child, "IJhat are all of these?" If the 
child did not respond, "animals," the experimenter asked, "I have a picture 
hero of four. . .what?" Every child responded "animals" to either the first 
or the secoful question. The twelve problems assigned to the child were 
then administered under Order A or B, described above. 

After the child responded to a problem, the experimenter asked, "Why 
is that?" If the child did not give the correct response accoinpanied by 
,an appropriate justification (e.g., "Horses areanimals, too," "There'slO 
animals and onlv ~^ hor-^s."), the folio 'ng probing procedure was instigated 
.(1) the qu-'^^-j ■ finder - ' ^vinp , "I didn't ask 

wh'ether :r . r/jru lU;. , )i js orjiioi- co,r.,, but whether there were more 
horses or more animals."; (2) questions were asked focusing on whether both 
subclasses were animals (e.g., "Are horses animals too?") and the class- 
inclusiong question was repeated; (3) the- child's response was challenged 
by such questions as, "If horses are animals too, why do you ^say^there are 
only three animals?" The class-inclusion question was then repeated. If 
the child gave a correct response and adequately justified it during any of 
the above stages, the probing stopped for that problem. 

The above procedure was not appropriate for the Verbal-^no enumeration 
problem ("In all the world. . ."). The pre-operational response of com- 
paring subclasses resulted in the judgment that there were more animals 
since there were more other animals. When the child made this response, the 
experimenter asked if there would be more animals than horses, for example, 
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even if tnere was only one other kind of aniriial, e.g., pig^. Incorrect 
responses Lo this w^va then fonowed by tlie standard probing procedure. 
"A niiniber of children had difficulty making any response to this task. ■ In 
general,. the probing on this task was less systematic than on the other 
three tasks. 

Resul ts and D is cussion ' 

Only the cliild's inltiaj_ response to each question was used in scoring 
the results. Responses were scored 2 if they were correct and appropriately 
justified (see above) and 1 if they were not. One exception to the scoring 
of the initial response was v/hen the child responded to the Verbal-enumera- 
tion problem by extending tne .superordinate, e.g. , /'Because there's lots of 
animals on farms." In this case the experimenter said, "B,u . on- this farm 

• are only 3 sheep and 7 cows, nothing else." and then repeated the 
class-inclusion question. The child's response at this point was used in 
the analysis. A random sanip],e of 10 transcripts were used to establish 
interrater reliability. Two raters agreed on 93% of the ^120 problems in- 
volved. 

The scores of the three problems for each task were summed to give the 
child a total score for each task. A 4 (Grade) by 2 (Order) by 4 (Task, 
repeated measure) analysis of variance was conducted. Significant main 
effects were found for Grade and Task and a significant interaction effect 
was found for Task by Order. The significant results of the analysis of' 
variance are summarized in Table 1. 



Insert Table 1 about here 



Planned comparisons between means for adjacent grades revealed no 
significant differences. The means for each grade, K to 3rd respectively, 
(3.95, 4.46, 4.97, 5.3,6) show a steady, gradual increase from one grade level 
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to tlie-next. Possible liiean scoros rdivjeci from 3 to 6. flo comparisons wore 
conducted for the Task inain cffo.ct since the Task by Ordei' interaction was 
signif icanL That interaction is plotted in Figure 1 below. 

Insert fiyuro 1 about here 

An analysis of the Task by Order interaction" reveals tlia t' di f Terences 

within Order between tlie Verbal -enuinera tion and the Concrete-no enumeration 

tasks were a function of relative order. Tests of differences between ;iieans 

revealed that when botir tasks were either first in order or both were second, 

-»■.■< 

there were no significant differences between them. For the order in which 
each task came second, neither. differed signifiantly from the Concrete- 
enumeration task for that order. Since there we^^e no differences under 
order A betv/een tlie two concrete tasks, the hypothesis that .1 abel ing of the 
^ complementary subclass rather, than enumeration was a critical factor, in pre- 

vious studies was given some support. However, specific testing of label- 
ing versus no- label ing is required as ''/ell as testing of the enumeration 
hypothesis without the potential confounding from the probing procedure^ 
, used in this study. 

Responses to the Verbal-no enumeration task ('-In all the world. . 
under both orders combined were significantly lower than those to any of 
the other three tasks (p < .001). This finding supports the hypothesis 
that the. lack of specif ici ty. of this format requires a- higher level of 
cognitive functioning. An alternative hypothesis i§ that -the lower scores 
reflect the v/eaknes5 of the probing procedure for this task. 

Although no significant differences were found between the concrete 
tasks- and the" Verbal-enumeration task when the, effects of Order were 
controlled, there is evidence of initial differences which were eliminated 

by the effects of the extensive probing procedure. An examination of subjects' 
O ■ \ 
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responses Lo the f irs!: problGin presoiiLod io them rcvools tliat tlioso who 
received the VE probleiii firot had iniich more difficulty than those who 
received" the CM problem first. However, by the second or third problem in 
the set, the differences disappeared. The percentages of subjects ^'n each 
order responding correctly to each of the twelve problems are given in 
Table 2. > ' 

Insert Table 2 about here 

T-i^e facilitating effects of the probing procedure are evident for bcch 
types of problems, but they were stronger- for the verbal than for the con- 
crete. Responses to the VE task were significantly higher under Order B 
v;hen it came second than under Order A when it came first (p < .O'l). There 
were no significant differences between responses to. the CN task under " 
Orders A and B (p > .10). For Order A, responses increased significantly 
from the- first (VE). to the second (CM) task (p < .01). This effect' was 
weaker under Order^ B when the concrete task came first and the verbal 
second (p < .10). These findings are attributed to the greater, initial 
difficulty of the verbal problem, and ttx^^effect of the probing procedure 
in bringing the responses to- the two fpes of tasks to the same level. 
This provides support for the hypothesis that verbal and concrete class- 
inclusion problems with the same format require the same cognitive struc- 
tures for solution but different, information, processing skills. The 
information processing demands, however, appear to be easily modifiable, 
especially for the verbal" task. , • . . • 

The effectiveness of the probing procedure in this study makes direct 
comparisons with the pre^n'ous studies difficult. The failure to find any 
differences between the concrete enumeration and no-enumeration tasks may 
be attributed to the hypothesis that labeling of the complementary subclass 
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rather t!u)n oniiniorQtion is t.lie criLical factor, or to the effectivofiosf; of 
the probing procGcluv^a ifi el iinina tiiuj pot?ntial differences, lihile quostio'is 
relating to the di Tferefi t1a1 difficulty cr presentation formats slilK' /.ain 
the e-ffectivoness of the probing procedure illuslratas the susceptibility 
of perfonnar on the class- inclusion task to environmental nian ipul ation: 
•t is hypoiM- ! that media o preseirtation determines, in [)art^ the infer 
ation proces :emafidsof the task but not the competence., demands. On the 
other hand, di ferences in levels of responding between the specific and nor; 
specific formats., differences which were not eliminated by the probing 
procedure, may be a function of differential competence demands. 

The results suggest the need for the child to be given spec^ific 
information ei ther. verbal 1y or concretely when he is asked to make logical 
judgments. When concrete supports are not^ avai 1 abl e , the child iiiay require 
assistance in processing the information in an appropriate way. ■ Further 
research is needed to identify the nature"of the initial difficulties found 
in this study, for verbally presented class-inclusion problems, and the 
reaso^is for the effectiveness of' the probing procedure. Specifically, we 
need to know in vrtv ways differences in presentation format, including • 
media of presentation, affect the information processing demands of the 
class-inclusion task/ 
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Table 1 

Analysis of Variance--Sumiiiary of Svjiii f i cant ResuUs 

Source SS df MS F P 

grade 78.8? 3 2G.27 10.36 .0001 

error 1S7 2.54 

task ■■ 13.99 25.79 .0001 

task X order . .02 5.56 .001 

error 100. u/ lu.. .54 



Task yE*___ CFl " V N CE 

5.2 ~ r?)"** " , . - (ayr 

5.0 B ... 

4.8 ■ " 

mean score , g "^-^ - -''V 

4.2 , y. • - <^ ■ ^rder A: . 

4.0 ^ \y Order B: 

: _^ ___(3) 

Figure 1 
Tcsk X Order Interaction 
Mean Scores for each Task for each Presentation Order 

*VE: Verbal -enumeration; CN: Concrete-no enumeration; 
VN: Verbal-no enumeration; CE: Concrete-enumeration 

*^*(Relative sequence of task oresentation in parentheses) 



Table 2 

Percentages of Subjects Giving Correct and Appropriately Justified Responses 

/ to each Problem According to Order of Presentation 

Order A VEl VE2 VE3 CNl CN2"CN3 VHl VN2 Vfl3 CEl CE2 CE3 

9 57 66 51 69 74 34 31 34 66 74 74" N= 35 

Order B CNl CN2 CN3 VEl VE2 VE3 CEl CE2 CE3 VNl VN2VN3 



31 66 69 63. 71 77 71 80 77 31 40 57 N - 35 



er|c m 



